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Background: The blind mole rats (Spalacinae) are fossorial rodents exhibiting exceptionally extensive variation in
the karyotype. The taxonomy of this group is not definitively resolved, and the species discrimination is often not
clear, even with the use of chromosomal analyses.
Results: We have studied the karyotype of three populations of blind mole rats (Spalacinae) from Anatolia classified
tentatively as Nannospalax xanthodon (Bolu and Içel provinces) and Nannospalax ehrenbergi (Gaziantep province).
C-banding and AgNOR staining were used in the cytogenetic analysis. In all populations, the karyotype comprised
52 chromosomes including 8 to 10 bi-armed and 17 to 15 acrocentric autosomal pairs. The centromeric position
varied in the sex chromosomes between the populations. The C-positive centromeric bands occurred in most of
the bi-armed autosomes and the sex chromosomes and in some of the acrocentric autosomes. The nucleolar
organizer regions were localized in three (N. xanthodon) or five (N. ehrenbergi) autosomal pairs.
Conclusions: It is difficult to find particular chromosomal differences between the studied populations which could
enable unequivocal species identification. This finding emphasizes the need of taxonomic revision of the species
structure within the Nannospalax genus.
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The blind mole rats (Spalacinae; see Musser and Carleton
2005) are a group of fossorial rodents exhibiting excep-
tionally extensive variation in the karyotype (Kryštufek
and Vohralík 2009, Arslan and Zima 2014 for review).
This variation has been recorded within and between pop-
ulations as well as within and between species. The species
composition of Spalacinae, however, has not been yet de-
finitively settled. Chişamera et al. (2014) demonstrated
that the division of the extant species into two distinct
genera, Spalax and Nannospalax, is justified and congru-
ent with the pattern of phylogenetic divergence. The ex-
ceptional karyotype diversification is apparently confined* Correspondence: jzima@brno.cas.cz
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in any medium, provided the original work is pto the genus Nannospalax which includes, in a traditional
view, three nearly parapatric species, Nannospalax leuco-
don, Nannospalax xanthodon, and Nannospalax ehren-
bergi (Kryštufek and Vohralík 2009). In respect of the
remarkable chromosomal variation, various authors have
proposed to recognize additional species, and the descrip-
tions were mainly based on characteristic chromosomal
features (Nevo et al. 2001, Coşkun 2004, Kankılıç and
Gürpinar 2014). The taxonomy of the Nannospalax genus
is thus not definitively resolved, and the species discrimin-
ation is often not clear, even with the use of chromosomal
analyses.
In the present study, we aim to improve karyotypic
characteristics revealed by C-banding and AgNOR stain-
ing in several cytotypes with 52 chromosomes in-
cluded either in N. xanthodon or N. ehrenbergi. In Turkey,
populations possessing 52 chromosomes were reporteds is an Open Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
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2013) and from south-eastern Anatolia (Sözen and Kıvanç
1998, Nevo et al. 1995, Ivanitskaya et al. 1997, Coşkun
et al. 2006, 2010). The former populations were recognized
as N. xanthodon (formerly also as leucodon or nehringi),
whereas those from south-eastern Anatolia, the popula-
tions with 52 chromosomes have commonly been clas-
sified within N. ehrenbergi. This cytotype was reported
also from Iraq (Coşkun et al. 2012), and populations
with 2n = 52 are known from Israel and were named
here Spalax galili by Nevo et al. (2001). We attempt to
investigate if the specific distinction among individual
populations from Anatolia is reflected also in their karyo-
typic differentiation inferred from the C-banding and
AgNOR staining pattern. To answer this question, we
compare the results with other reports of chromosomal
banding patterns found in Turkish populations of Nan-
nospalax (Ivanitskaya et al. 1997, Ivanitskaya et al. 2008,
Arslan and Bölükbaş 2010, Arslan et al. 2011a,b, Arslan
and Zima 2013, Arslan et al. 2013, 2014).
Methods
Cytogenetic analyses were performed in six specimens of
N. xanthodon and N. ehrenbergi from three Turkish pop-
ulations. The specimens were caught with the use of a
metal pipe-type trap (Arslan 2013), and this trapping
method enabled to obtain living individuals without any in-
jury. The study was done, and the specimens were ob-
tained with the permission of Republic of Turkey, Ministry
of Forest and Water Works (permit no. 89291). StandardFigure 1 Collecting sites of Nannospalax xanthodon (black square)
of sampling localities corresponds to data in Table 1. The approximate
Vohralík (2009).voucher specimens (skins and skulls) are deposited at
Selçuk University, Biology Department, Faculty of Science,
Konya, Turkey. The number of specimens analyzed
and location of the collection sites of mole rats are
shown in Figure 1 and Table 1. The species discrimin-
ation was based on geographic distribution of the studied
populations. The available maps of the distribution
ranges of blind mole rats in Turkey (Bukhnikashvili
et al. 2008, Schlitter et al. 2008, Kryštufek and Vohralík
2009) suggest that the populations from Bolu and Içel
(Mersin) are situated within the range of N. xanthodon,
whereas the population from Gaziantep within the range
of N. ehrenbergi.
Karyotype preparations were obtained in the field from
the bone marrow after colchicine treatment (Ford and
Hamerton 1956). Air-dried preparations were stained
conventionally by Giemsa. Constitutive heterochromatin
and nucleolus organizer regions (NORs) were detected
by the techniques of C-banding (Sumner 1972) and sil-
ver staining of nucleolar organizer regions (Howell and
Black 1980), respectively. From each specimen, 10 to 20
slides were prepared, and at least 20 well-spread meta-
phase plates were analyzed. The system of classification
of chromosomes according to the centromere position
was adopted after Hsu and Benirschke (1967–1977), and
the bi-armed (metacentric M, submetacentric SM, subte-
locentric ST) and uni-armed (acrocentric A) chromo-
somes were distinguished. The fundamental number of
autosomal arms (NFa) and the number of all chromosomal
arms in the female complement (NF) were calculated.and N. ehrenbergi (black triangle) in Turkey. The numbering
ranges of both species are indicated after Kryštufek and
Table 1 Studied samples in Turkey and the basic characteristics of the examined specimens
No. Species Locality/province Latitude/longitude No. of specimens 2n NF NFa X Y
Male Female
1 N. xanthodon Gerede/Bolu 40° 46′ N, 32° 13′ E 2 - 52 70 66 ST A/M
2 N. xanthodon Çamlıyayla/İçel 37° 10′ N, 34° 36′ E 1 1 52 72 68 SM A
3 N. ehrenbergi Fevzipaşa/Gaziantep 37° 05′ N, 36° 38′ E 1 1 52 74 70 SM A
The numbering of the sampling sites corresponds to data in Figure 1.
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Bolu province, Gerede population
The karyotype of the two males consisted of 52 chromo-
somes including a large subtelocentric (no. 1), two meta-
centric (nos. 2, 8), three submetacentric (nos. 3, 5, 7),
two medium-sized subtelocentric (nos. 4, 6), and 17 ac-
rocentric autosomal pairs of gradually diminishing size
(nos. 9 to 25) (NFa = 66). The X chromosome was a
medium-sized subtelocentric; the Y was a small meta-
centric (NF = 70) (Figure 2.1). The dark centromeric
C-bands were observed in five biarmed (1 to 5) and
some of acrocentric autosomes (nos. 10, 13, 14, 16). In
the acrocentric autosomal pairs 13 and 14, the position
of the dark C-bands appeared interstitial, not directly in-
volving the centromeric region. C-heterochromatic shortFigure 2 Standard karyotypes of specimens of Nannospalax xanthodo
Fevzipaşa (3).arms were not recorded in any autosomal pair in the
complements. The sex chromosomes had distinct peri-
centromeric C-positive bands (Figure 3.1). The NORs
were observed in the telomeric regions of the short arms
of the autosomes 4, 6, and 8, with an occasionally hetero-
zygous signal on the autosome 8 (Figure 4.1).
İçel province, Çamlıyayla population
The karyotype of a male and a female consisted of 52
chromosomes including a large submetacentric and a
large subtelocentric pair (no. 1, 2), two metacentric pairs
(nos. 3, 4), five submetacentric or subtelocentric pairs of
medium size (nos. 5 to 9), and 16 acrocentric auto-
somal pairs of gradually diminishing size (nos. 10 to 25)
(NFa = 68). The X chromosome was a large submetacentricn from Gerede (1) and Çamlıyayla (2) and N. ehrenbergi from
Figure 3 C-banded karyotypes of specimens of Nannospalax xanthodon from Gerede (1) and Çamlıyayla (2) and N. ehrenbergi from
Fevzipaşa (3).
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(Figure 2.2). The dark C-bands were observed in the
centromeric areas of all the bi-armed autosomes except of
the pairs 2 and 3 and in the acrocentric autosome 13. Tiny
positive centromeric bands were apparent also in some
other acrocentric pairs. The sex chromosomes had a
centromeric C-positive area (Figure 3.2). The NORs were
observed in the telomeric regions of the short arms of
the autosomes 5, 6, and 8 (Figure 4.2).
Gaziantep province, Fevzipaşa population
The karyotype of a male and a female consisted of 52
chromosomes including four metacentric pairs (nos. 1,
3, 5, 10), six submetacentric or subtelocentric pairs
(nos. 2, 4, 6 to 9), and 15 acrocentric autosomal pairs of
gradually diminishing size (nos. 11 to 25) (NFa = 70). The
X chromosome was a medium-sized submetacentric, the
Y a small acrocentric (NF = 74) (Figure 2.3). The dark
C-bands were observed in the centromeric areas of all
the bi-armed autosomes except of the pair 7 and in three
acrocentric autosomes (nos. 11, 14, 18). Tiny positive
centromeric bands were apparent also in some other ac-
rocentric pairs (nos. 21, 22). The sex chromosomes had
distinct centromeric C-positive bands (Figure 3.3). TheNORs were observed in the telomeric regions of the
short arms of the bi-armed autosomes 2, 4, 7, and 8. In
the pairs 4 and 7, the positive signal was observed in only
one homologue of the pair in some cells. The NOR
was detected also in the acrocentric chromosome 15
(Figure 4.3).
Discussion
The comparison of chromosomal complements between
the three studied populations shows great similarities be-
tween them. All the karyotypes contain 52 chromosomes
with 8 to 10 bi-armed and 17 to 15 acrocentric auto-
somes. The sex chromosomes reveal variation in the
centromeric position but their size seems similar in all
individuals. The homology of the bi-armed autosomes
between individual complements seems uncertain, and it
is even improbable in some cases (e.g., in the two largest
autosomal pairs). Unfortunately, we cannot evaluate the
nature of homology and possible rearrangements in-
volved in presumed diversification without the use of
appropriate banding techniques. The pattern of the dis-
tribution of C-positive heterochromatin regions is also
similar in the three karyotypes compared, with dark
centromeric bands occurring in most of the bi-armed
Figure 4 Silver-stained karyotypes of specimens of Nannospalax xanthodon from Gerede (1) and Çamlıyayla (2) and N. ehrenbergi from
Fevzipaşa (3).
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acrocentric autosomes.
In the karyotype with 52 chromosomes of blind mole
rat populations from northern Anatolia, 8 to 9 bi-armed
autosomal pairs were distinguished (Sözen 2004, Sözen
et al. 2013), whereas in the karyotype of populations
from south-eastern Anatolia, 11 or 13 bi-armed auto-
somal pairs were found (Yüksel 1984, Ivanitskaya et al.
1997, Coşkun et al. 2006, 2010). Ivanitskaya et al. (1997)
found in this cytotype pericentromeric blocks of C-
heterochromatin in one metacentric autosomal pair
and one subtelocentric pair, and distinct dark C-bands
were observed also in the pericentromeric area of all
acrocentric autosomes. Additionally, these authors re-
corded dark C-bands in the telomeric regions of two
pairs of subtelocentric or submetacentric autosomes.
This C-banding pattern is thus different from that ob-
served in our study in both N. xanthodon and N. ehren-
bergi populations where the amount of pericentromeric
C-heterochromatin was very low in the acrocentric
autosomes and the telomeric positive C-bands were
absent. Contrary to previous findings in other cytotypes
(Ivanitskaya et al. 1997, Arslan et al. 2011a, Arslan et al.
2013), we have not recorded any C-heterochromatic short
arms in the complements under study.The pattern of the NORs distribution is rather uniform
among populations of mole rats with varying chromo-
somal numbers. The number of the NOR-bearing auto-
somal pairs varies from two to five; however, their
actual localization may involve various autosomal pairs
(Ivanitskaya et al. 1997, 2008, Arslan et al. 2011a, 2013,
2014). Gülkaç and Küçükdumlu (1999) localized NORs
in two pairs of subtelocentric autosomes in the 2n = 52
complement. Ivanitskaya et al. (1997) recorded NORs
in the two largest subtelocentric pairs and, additionally,
also in the small submetacentric pair possessing the
telomeric dark C-band. In the Iraqi population with 52
chromosomes, Coşkun et al. (2014) localized NORs in
three autosomal pairs, including a large and a small
submetacentric pair, and the smallest acrocentric pair.
It is difficult to find particular chromosomal differ-
ences enabling the distinction between N. xanthodon
and N. ehrenbergi. The studied populations differed in
the proportion of bi-armed and uni-armed autosomes
and in the number and distribution of NORs. In the
population recognized as N. ehrenbergi, the number of
detected NORs was five, and a site was localized in an
acrocentric autosome. However, it is questionable if such
variation could be used as a species-specific character
for reliable species identification. The proportion of the
Arslan and Zima Zoological Studies  (2015) 54:6 Page 6 of 7bi-armed and acrocentric autosomes commonly varies
between populations of mole rats with the same diploid
number of chromosomes (Arslan et al. 2013, 2014) and
such variation was reported also in the 52 chromosome
race. The previously published karyological data on the
52 chromosome cytotype showed considerable variation
also in the C-banding and AgNOR staining pattern, and
this variability makes the search for species-specific cyto-
genetic characters difficult.
Conclusions
We can conclude that the populations of blind mole rats
from Anatolia in Turkey classified as N. xanthodon and
N. ehrenbergi reveal little difference in their karyotype
structure, and hardly, any species distinguishing charac-
ter can be defined based on the comparison of their
chromosomal complements. This finding emphasizes the
need of taxonomic revision of the species status and
composition within the Nannospalax genus and cytogen-
etic studies using structural chromosome banding tech-
niques will certainly be useful in this respect. The use of
sensitive molecular markers such as microsatellites is obvi-
ously desirable to estimate the extent of gene flow and pos-
sible reproductive isolation between populations.
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